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Abstract: Although research on estimating cancer genotype using radiomic features has progressed, radioproteomics research on
estimating proteins has not progressed. The purpose of this study is to construct a method to discriminate positive and negative
hormone receptors using radiomic features. We selected contrast-enhanced Ti-weighted fat suppression images of 49 patients (37
hormone receptor positive, 12 negative) from the public database TCGA-BRCA. T»-weighted fat suppression images of 122
patients (72 hormone receptor positive, 50 negative) were also selected from the different public database I-SPY 1. The slice with
the largest tumor diameter was selected and the tumor region was manually marked, and 275 radiomics features were extracted
from the tumor region. Logistic regression with radiomic features selected by Lasso was employed for discriminating between
positive and negative hormone receptors. As the result of ROC analysis, AUC was 0.77 when contrast-enhanced T;-weighted fat
suppression images were used, and AUC was 0.62 when T,-weighted fat suppression images were used. Therefore, the results
suggest that contrast-enhanced T,-weighted fat suppression images are more useful in discriminating positive and negative
hormone receptors. In conclusion, non-invasive, low-cost imaging test can be used in radioproteomics studies to select patients

for whom hormonal therapy is effective.
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Table 1 Number of papers searched in PubMed by using the
keywords “Radiomics”, “Radiogenomics”, and

“Radioproteomics”, respectively.

2016 2017 2018 2019 2020 2021
Radiomics 94 254 524 911 1520 2265
Radiogenomics 56 61 95 100 130 151
Radioproteomics 0 1 1 0 0 3
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(a) Original image

(b) Segmented tumor region
Fig.1 An example of manual segmentation of tumor region.
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Table 2 & Table 3 |12, Lasso | & - CEIR S 72 Radiomics

False Positive Fraction

Fig.2 ROC curves for distinguishing between positive and
negative hormone receptors when we used two different

databases.

Table 2 Seven radiomic features obtained from contrast-enhanced Ts-weighted image.

Image # Feature Category Description
#1 Perc.99% Histogram 99% percentile
#2 | S(5:5) Correlat Coochr?r:t:crg matrix ggg?:??he between-pixel distance
Contrast-enhanced #3 | Horzl_RLNonUni RIﬁXI:aunrgth Run length nonuniformity
T1|;‘;V§ isguhp:zfeisrzzge #4 | Horzl_GLevNonU Rz?ﬁaur:gth Grey level nonuniformity
(TCGA-BRCA) Texture .
#5 | Vertl_LngREmph Run length Long run emphasis
#6 GrKurtosis Gradient Absolute gradient kurtosis
#7 Teta2 Autoregressive model | Parametr 6,

Table 3 Five radiomic features obtained from T.-weighted image.

Image # Feature Category Description
Texture Correlation
#1 S(5.0)Correlat Cooccurrence matrix | S(5,0) is the between-pixel distance
Texture Sum variance
#2 | S(5,5)SumVamnc Cooccurrence matrix | S(5,5) is the between-pixel distance
Tz-weighted image Texture Sum variance
Fat-suppressed #3 | S(5,-5)SumVarnc . ) . .
(-SPY1) Cooccurrence matrix | S(5,-5) is the between-pixel distance
Texture . .
#4 | Vertl_GLevNonU Run length Grey level nonuniformity
. Texture . .
#5 | 45dgr_RLNonUni Run length Run length nonuniformity
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Fig.3 95% confidence intervals for two AUC values.

M. Fig.3 12, ROC fENT % FAV>C AUC fifl % HE5E L 72
D 95% EHEIX M & 7R 5. &5 T, SR G L H0 & 15 1% 49
JEBITH Y, T, @FRMRHHIE (SR IE 122 EFITH S Z &
5, BEXEOIIIEARDOL N EED DL 2> Tw
. 2OOBHEXMNEER ) 2B 5720, MEWIZHEET
HDHEEFFERRVLOO, &R T, AT S0 A

BV AUC DEZ RS DSH 5 = L H3ordro 72, Figd 12,

W T, SRR (% 2 BRI S 2 T Ao
Radiomics ff D /N4 F ) »F v — N &R T, Vertl
LngREmph %° GrKurtosis (BT, FIVE Y ZHEEOBEE
LS A EET AEE S Sz F72, Figs 1ok
52 T, SRAMAR B BRI 1% 2 W 72 5 A 0 R EATH & R
JEE 73.0%, 4F B E 66.7%, A 5 68.7%, F i 70.8% T
Holz.

4, £ =B

Figd 75, HSIVE VSHEEBEALSAE, T Ly TR
DOFF = Tdh % Long run emphasis 73/N & <, BIEABLOKE
# Td 5 Absolute gradient kurtosis 73K & WHE DD 5 2
Lo Tz WENT, &2 HEEET A FEEEE T
YEMY, TOREEE T VLY TALIER BWT YD
HEBHRE D 222 12 & Long run emphasis 13/NS Rl E 7 5.
F 72, Absolute gradient kurtosis I%, JREALOKE 277
YFLTIR R BN S LB EITKRE S L.
RVE VZHEEHEANATIE, FIVE Y ZEEROBNS
Wiz, RIVEY RS CH) AR, HAMINEOREGEANE
fbai, PAORHEPZMICZLT L EEZONL. L
72735 C, Long run emphasis (/NS 22 fHE 72 1), Absolute
gradient kurtosis 25K X RfEIZ R o7& EREIND. T 72,

Normalized value
o

Perc.99% S(5, -5)Correlat  Horzl_RLNonUni

Figb 76, B A7 4 v 7 ERETIVCTIE, oDk
1% R L CIEGNOmEMEIRE CELLzbDE RV
E Y RBERGUEILSA LT 2 EARH L L 5D 5.
L22L, Figd 2R oNA LI, BpkEBEEOELR Y 25K
&, MEEFAZHICEZNT 250U TLLIRVEY S
FRGVERLDSA LIRS, Figsb OEFICRSNE L1
P N DU FEZEAL AR EVIEBI TR BN IS o 7o & E 2
DY

AR ADRIVE IRFEFTINRICHEE FHT 572012
fThnd 2%, Lol ARG * LT 2 EHIC
L CTREZ/NES LT B2 % HIIZATRTICAT b LA A
LH 5 9], METHIUIAAAMILZ R L TEYF 7%
B RRD ZENTRETH L 2 L5, IR WGk
TTHRIVE VS BRGEFLA A % [A%E 3 % Radioproteomics
DFRNZ 7 5 DIEHTHT RV E IRE R B, MiHT AL E
BEIBNT, RIVEVZEEDPEETH DG, HRAM
NADREGEIZ B D % & > 737 T d % HER2 %3F5 1k 0 &7
I2& 5T, RVE VBT TS 2B g
LG HWT 52 L1k 57280[9], HER2 & ¥ /37 D
B & B % 519~ % Radioproteomics TfZE & i 2 2 & 7%
TEIUL, BHFEDRDD L EELEHEPBN L VERE L
DEERNZERME L TPIId 2 2 EDSTRETH 5.

Radioproteomics |2 & < 724t & LT, FLASA DRI
*HVWCREEMRZEN T 23 Y2 — 5 LEBU
(Computer-Aided Diagnosis, CAD) 2 B 3 % Bf %¢ 2% &
%[19,20]. EEVHERO CAD Tid, EMHELRMELR-72
B, BEIEFERS TS TEBErD 5720, me
FEEEDEOR S NETLE TIZE L O ULETH - 72,
L 7L, Radioproteomics &, FLASA &HfEwE L T2 HEHIC
L CEBRHELRET L0 TH Y, BFITHHERS
LTI LIE R, ZOBErSIEFERLETON-F
VAR EE 2 S5 [21]. AR O CAD & DT
X, WEM O CAD Mt L 7 MR E DA AET % »
X MASEIWT 2 DIIHH TH > T, CAD DHIIDIE
L& EHEWZHETEZ 2012% L C, Radioproteomics T
X, Y ¥a— PR IVE TR A TH B
WA L7202 ORI A P32 2 & HSHEE & v ) aE
M bH. Figb |k, LRICRERR D% FV: T2 T, ihal
BEEH P 52> & B L 72 7 1 0> Radiomics Fif % 2 Ik
JCZEMICIFE L72b D THAS. Radioproteomics DFEHLLIZ

[ Negative
[ Positive
Horzl_GLevNonU  Vertl_LngREmph GrKurtosis Teta2

Fig.4 Violin plot of selected 7 radiomic features obtained from contrast-enhanced T:-weighted images.
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Fig.5 Confusion matrix and experimental result images when we used contrast-enhanced T:-weighted images in TCGA-

BRCA database.
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Fig.6 Output of multidimensional scaling with 7 radiomic features obtained from contrast-enhanced T:-weighted images.
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